The defensive secretion of the frontal gland from termite soldiers is a mixture of monoterpenes, sesquiterpenes and diterpenes, the latter being the most representative. Analyses of the dichloromethane extract from soldiers of the Brazilian termite, Nasutitermes macrocephalus (Silvestri, 1903) (Isoptera, Nasutitermitinae), described for the first time, allowed to identify the presence of two monoterpenes (-pinene and limonene) and two sesquiterpenes (-transcaryophyllene and -selinene) by GC-EIMS, and the isolation of one rippertane and six trinervitane diterpenes by RP-HPLC. The chemical structures of the purified compounds were elucidated by interpretation of their spectroscopic data (1D and 2D NMR, EIMS, HRESIMS, and specific optical rotation) and the complete unequivocal assignment of the 3α-hydroxy-trinervita-1(15),8(19)-dien-2-one (6) was included in this paper, to complement the lack of information in the literature. Antibacterial, antifungal and cytotoxicity against cancer cell lines activities were evaluated. In particular, the compounds 2,3-dihydroxytrinervita-1(15),8(19)-diene (2) and 3-hydroxy-15-rippertene (7) exhibited the better activities against the clinically isolated Gram-positive bacterium methicillin-resistant Staphylococcus aureus BMB 9393, both with a MIC value of 31.2 g mL -1 . This is the first description of a rippertane diterpene (7) as an antibacterial agent.
Termites are social insects with distinct castes, which are responsible for specific functions according to their morphology. The soldier caste, for example, is responsible for the defense of the mound and may present physical and chemical or just a chemical defense system. In the most specialized Nasutitermes genus (Dudley, 1890) the soldiers eject a viscous secretion onto the enemies, avoiding direct contact. This secretion, which is described as a mixture of mono and diterpenes [1, 2] , is produced in a developed frontier gland and is excreted by an elongated nozzle in the pear-shaped head of the blind soldiers. The monoterpenes include common plant compounds associated with the protection of the colony from fungal infections [3] , while the diterpenes are from specific skeletons as the tricyclic trinervitane and the tetracyclics rippertane and kempane, only found in termites [4] . The chemical composition of the defensive secretion of soldiers in the genus Nasutitermes have been described for N. kemneri (Snyder & Emerson, 1949) [5] , N.kempae (Harris, 1954) [6] , N. columbicus (Snyder, 1924) [7] , N. corniger (Motschulsky, 1855) [7, 8] , N. ephratae (Holmgren, 1910) [7] [8] [9] [10] [11] [12] [13] , N. nigriceps (Haldeman, 1853) [3, 7, 14, 15] , N. gracilirostris (Desneux, 1905) [16, 17] , N. novarumhebridarum (N. & K. Holmgren, 1911) [16, 17] , N. polygynus (Roisin & Pasteels, 1985) [17] , N. princeps (Desneux, 1905) [17] [18] [19] [20] [21] , N. rufirostris (Hill, 1927) [17] , N. torresi (Hill, 1942) [16] , N. triodiae (Froggatt, 1898) [16, 22] , N. costalis (Holmgren, 1910) [3, 11, [23] [24] [25] , N. guayanae (Holmgren, 1910) [26] , N. surinamensis (Holmgren, 1910) [26] , N. Canaliculatus (Wasmann, 1902) [27] , N. acajutlae (Holmgren, 1910) [23, 28] , N. lujae (Wasmann, 1911) [29] and N. octopolis (Fan, 1983) [4] . In the case of N. gracilirostris, N. novarumhebridarum, N. torresi and N. triodiae, sesquiterpenes were described in their secretions [16] .
Although several diterpenes have been isolated from Nasutitermes termites, only a few reports on their biological activities are known. For example, five trinervitanes isolated from N. triodiae showed antibacterial activity [22] . Concerning to this, some trinervitanes entered into phase I clinical trials for antibiotic application [30] . In this context, the chemical composition of the CH 2 Cl 2 extract from soldiers of the Brazilian termite species, Nasutitermes macrocephalus (Silvestri, 1903) (Isoptera: Natutitermitinae), is described here for the first time, together with the anticancer, antibacterial and antifungal activities. In the first assay, cancer cell lines of human ovary (OVACAR-8), human lung (NCIH358M) and human prostate (PC3M), very aggressive cancer cells, were used. The bacteria methicillin-resistant Staphylococcus aureus BMB 9393 (clinical isolate) (MRSA) and Escherichia coli ATCC 8739 were chosen for antibacterial assay due to the association with hospitalacquired infections worldwide and gastrointestinal infections, respectively [31] . Candida albicans ATCC 10231 and Aspergillus brasiliensis ATCC 16404 were used in the antifungal assay, since they are responsible for candidiasis and lung infections, respectively [32] . MRSA and C. albicans were inhibited by the CH 2 Cl 2 extract from N. macrocephalus soldiers. Consequently, it underwent successive fractionation by preparative and semi-preparative reversed-phase HPLC on a C-8 and/or C-18 column, affording diterpenes with trinervitane (1 -6) and rippertane skeletons (7) ( Figure 1 ). The highest yield was observed for 2,3-dihydroxytrinervita-1(15),8(19)-diene (3) (122.0 mg; 20.2%), as previously observed in N. infuscatus (Sjoestedt, 1918) and N. ephratae [1] .
The structures of the purified compounds were elucidated from spectroscopic data (1D and 2D NMR, EIMS, HRESIMS, and specific optical rotation) and from comparisons with the literature [1, 4, 5, 13, 25, [33] [34] [35] . After an extensive review of the literature, some equivocal assignments and, sometimes, lack of information mainly on 13 C NMR data and stereochemistry were observed, what impelled us to complement those data as to enhance the diterpenes structure characterization related to termites. Thus, all the assignments of the isolated compounds from N. macrocephalus are presented here in Experimental section. In particular, compound 6 that was previously obtained by the manganese dioxide oxidation of 2,3-dihydroxy-trinervita-1(15),8(19)-diene, was described mainly on IR signals of the carbonyl and hydroxyl groups and associated to MS fragments [25] . As compound 6 is also one of the three most active compounds against methicillin-resistant Staphylococcus aureus BMB 9393 in our extract, as will be shown latter, we believe that an unequivocal structure elucidation of 6, based on 1 H, 13 [25] . The base peak at m/z 151 (100) and the fragment at m/z 231 (28) suggested a ketone group at C-2 [12] . UV/vis presented  max (CHCl 3 ) at 262 nm (log ε: 2.86), which is characteristic of α,β-unsaturated carbonyl systems in trinervitanes [12, 36] . The 1 H NMR spectrum showed three methyl signals at  H 1.96 (3H-17), 0.96 (3H-18) and 0.86 (3H-20), the first one being an allylic methyl, while the second was bonded to a quaternary carbon. The last signal came from a methyl group bonded to a tertiary carbon bearing a proton with a signal at  H 0.84 (H-12), with which the methyl protons were coupled with J = 6.5 Hz, as confirmed in the COSY experiment ( 3 J HH ). Signals associated with the exomethylene double bond protons were seen at  2 (c 0.057, CHCl 3 )}, in agreement with trinervitanes characterized up to now with the cis,cis-ring junction stereochemistry, with substituents assumed to be α-oriented [20, 25] . Compound 6, first described for N. rippertii [25] , was also observed in N. costalis, N. princeps [20] and N. ephratae [12] .
It is worth mentioning that, as discussed by Everaerts et al. [16] , no difference was perceived by GC-EIMS when the extraction was performed with the whole insect, termite head or natural secretion. For this reason and due to the small amount of insects, the extraction was made with the integer insects.
The most volatile compounds of the CH 2 Cl 2 extract of the soldiers of N. macrocephalus were studied by GC-EIMS, characterized by comparison with the NIST 11 Mass Spectral Library [37] and coinjection with standards. -Pinene (0.9%) and limonene (0.2%), common monoterpenes found in Nasutitermes [1, 5, 26] , were observed together with the sesquiterpenes -trans-caryophyllene (1.3%) and gama-eudesmol acetate (12.6%), which are not usually found in Nasutitermes. Monoterpenes [25] . The loss of H 2 O always occurs, except when there is a ketone or an acetoxy group vicinal to the hydroxyl [12] . When an acetoxy group is bonded to a hydroxytrinervitane skeleton, the fragment ([M -CH 3 CO 2 H] +· ) is easily formed, making the detection of the molecular ion very difficult. One important fragmentation pathway proposed for trinervitanes occurs via retro-Diels-Alder mechanism from the double bond 1 (15) , leading to fragments of tertiary and allylic carbocations and more stable rings. Related to compound 5 (trinervitane) and 7 (rippertane), monoalcohols with the same molecular formula (MM = 288), some diagnostic ions could also be detected by GC-EIMS, as for 5: 203 The termite extract showed no cytotoxic activity against the cancer cell lines used in the MTT assay, since the 50% inhibitory concentration was always higher than 25µg mL -1 [38] . Minimal inhibitory concentrations (MIC) of the CH 2 Cl 2 crude extract and isolated diterpenes against the Gram-positive bacterium MRSA (clinical isolate) and against the leveduriform fungus C. albicans, were determined using the broth microdilution method [39] , and the results are showed in Table 1 . The CH 2 Cl 2 extract as well as compounds 1, 3 and 6 showed activity against both MRSA and C. albicans, while compounds 2, 5 and 7 were active only against MRSA. As previously described [22] , no activity against the Gram-negative bacterium E. coli was observed. All samples were also inactive against the filamentous fungus A. brasiliensis. Considering that samples with a MIC value lower than 100 g mL -1 are considered promising for the search of new antimicrobial agents [32] , compounds 2, 6 and 7 may be useful in the development of new products to control MRSA. In particular, the diterpenes 2 and 7 exhibited the better activities, both with a MIC value of 31.2 g mL -1 . Interestingly, this is the first description of a rippertane diterpene as an antibacterial agent. Compound 7 was recently synthesized by Snyder and co-workers [40] , this was first synthesis of the complete rippertane skeleton to be described in the literature.
In summary, the analysis of the CH 2 Cl 2 extract from soldiers of the Brazilian termite, N. macrocephalus, resulted in the identification of two monoterpenes and two sesquiterpenes and the isolation of seven diterpenes by RP-HPLC. The compounds 2,3-dihydroxytrinervita-1(15),8(19)-diene (2) and 3-hydroxy-15-rippertene (7) showed the better activities against the Gram-positive bacterium methicillin-resistant S. aureus. This is the first description of a rippertane diterpene (7) as an antibacterial agent. 
GC-EIMS analysis, extraction and isolation:
N. macrocephalus termite soldiers (21.5 g) were crushed in CH 2 Cl 2 at room temperature during 5 min, filtered and dried under nitrogen flow to yield 824.2 mg of a crude extract. This resulting material (1 mg mL -1 in CH 2 Cl 2 ) was analyzed by GC-EIMS, with nitrogen gas at 1.2 mL min -1 , injector at 280 °C, detector at 290 °C, and injection volume of 1 L. The initial temperature was set at 45 °C for 5 min, and increased until 130 °C with a 12 °C min -1 rate. Then, to 230 °C with a 33 °C min -1 rate, and finally to 290 °C with a 1.5°C min -1 rate, totaling 60.0 min of analysis. Part of the CH 2 Cl 2 crude extract (602.7 mg) was solubilized in methanol (12 mL, 50.2 mg mL -1 ) and subjected to reversed-phase chromatography on a C-18 column in a preparative HPLC system using CH 3 
Cytotoxicity assay:
The cancer cell lines used, OVACAR-8 (human ovary), NCIH358M (human lung) and PC3M (human prostate), were grown in RPMI 1640, supplemented with 10% (v/v) fetal bovine serum and with 1 % antibiotics, and kept at 37 C in a stove with 5% CO 2 atmosphere. The N. macrocephalus soldiers extract was diluted with sterile pure DMSO to 25µg mL -1 . Cytotoxicity of the extract was measured by the MTT method in triplicate [38] .
Antimicrobial assays:
The MIC of the CH 2 Cl 2 crude extract and the isolated substances were determined using a broth micro dilution method [39] . After two-fold serial dilution of test samples, wells were inoculated with 10 μL of the bacterial suspension of MRSA BMB 9393 or E. coli ATCC 8739 in Mueller Hinton or inoculated with 100 μL of the fungal suspension of C. albicans ATCC 10231 or A. brasiliensis ATCC 16404 in RPMI-MOPS pH 7.2. The microplates were incubated overnight at 37 °C for MRSA and for 48 h at room temperature (28-30 °C) for fungi. Pure medium was used as the negative control, and positive controls comprised inoculated growth medium. The results were based on visual growth of microorganisms, which were confirmed with the aseptically addition of resazurin (30 μL) to the microplate wells, followed by incubation at 37 °C for 1 h. 
